Introduction: Migraine is a neurological disease characterized by recurring attacks that can cause severe disabling pain. This study described the burden of migraine as reported by individuals with migraine in the real world using a mobile application. Methods: A retrospective, cross-sectional analysis was conducted using data captured through the Migraine BuddyÓ smartphone application from adult, self-diagnosed individuals with migraine in 17 European countries. Data were analyzed descriptively for the most recent 28-day period reported by users (n = 3900)
during the study period (June 2015-July 2016) who were randomly selected on the basis of data completeness (completion rates [ 70%) and stratified by migraine headache days/month: 4-7 episodic migraine (EM; n = 1500), 8-14 EM (n = 1500), and chronic migraine (C 15; CM; n = 900). Results: More than 95% of users reported that migraine negatively affected their daily activities during at least one migraine attack. Attacks affected 50.5% (184.4 days/year), 26 .9% (98 days/year), and 14.5% (53 days/year) of the year among CM, 8-14 EM, and 4-7 EM groups, respectively. On average, 44.8% CM, 40.9% 8-14 EM, and 34.7% of 4-7 EM sufferers, respectively, reported anxiety and/or depression symptoms during migraine attacks. Social or home activities, productivity, and sleep were highly affected, regardless of migraine frequency. Employed respondents (n = 3106) reported an average of 2.3 workdays missed per month and that at least one in four migraines led to work absenteeism; these migraines were commonly reported to have at least moderate to severe levels of pain, corresponding to the inability of persons to perform some or even any activities. Triptans (68%), opioids (46%), and nonsteroidal anti-inflammatory drugs (45%) were self-reported as the most common medicines used. Conclusions: This study, leveraging patient-reported data collected through a mobile application, demonstrates the high burden and
INTRODUCTION
Migraine is a painful, debilitating neurological disease that is often life-long and characterized by recurring attacks. Migraine attacks include headache pain of moderate to severe intensity lasting 4-72 h, often unilateral in pain location, throbbing or pulsating in quality, and worsened by physical activity [1, 2] . Migraine is often associated with symptoms such as nausea, vomiting, phonophobia (sensitivity to sound), and photophobia (sensitivity to light) [1] . The frequency, symptomatology, triggers, and duration of the migraine attacks are also primary considerations used in describing the disease [1] . A single migraine attack typically disrupts the patient's life and can consist of premonitory (B 48 h), aura (5-60 min), headache (4-72 h), and resolution/postdrome (B 48 h) phases [1, 3] . One-third of patients with migraine experience at least 4 headachedays per month, and one-tenth experience at least 15 headache-days per month [4] [5] [6] [7] [8] .
Migraines are most often treated with acute therapies, which are used to relieve the pain and associated symptoms of a migraine attack at the time it occurs. Prophylactic treatment is meant to reduce the frequency, duration, or severity of migraine attacks. It is recommended for patients in whom acute therapy is either ineffective or contraindicated, in patients with high frequency and severity of migraine, or in patients who suffer significant disability due to aura and other associated symptoms [9, 10] ; however, prophylactic treatment is generally underutilized [11, 12] .
Globally, migraine affects more than 10% of the general population [13, 14] . Migraine affects both sexes but is two to three times more prevalent in women than in men [8, 15, 16] .
Migraine prevalence is lower in children/adolescents and those more than 60 years of age [8] and peaks between the ages of 30 and 49 years, during the prime productive years.
Migraine is associated with significant humanistic and economic burden [17] [18] [19] . In 2015, migraine was ranked as the seventh leading cause of years lived with disability (YLD) worldwide [18] and in the Global Burden of Disease (GBD) 2016, migraine was the first leading cause of YLD among individuals under 50 years of age [19, 20] . Migraine was ranked as the fifth leading cause of YLD in Western Europe and the sixth leading cause of YLD in Central and Eastern Europe in the GBD 2015 [21] .
Several studies, such as the Eurolight project [16, 20, 22] , the American Migraine Prevalence and Prevention (AMPP) study [23] , and the International Burden of Migraine Study (IBMS) [24] , have highlighted that migraine has a significant impact on the health-related quality of life (HRQoL) of sufferers and affects their ability to perform home-related, work, and social activities. Migraine has also been found to be associated with depression and anxiety in sufferers [25] .
The economic burden of migraine is significant. Different European studies have estimated the cost of migraine at €18 billion to €27 billion depending on study setting and design [17, 26, 27] . The majority of all migraine-related costs (77-93%) are indirect costs attributed primarily to work productivity losses [27, 28] .
The objective of the present study was to describe the burden of migraine in terms of impact, symptoms, triggers, and other migraine characteristics as perceived by migraine sufferers in a real-world setting using a self-reported smartphone application (app), Migraine BuddyÓ. In today's digital environment, individuals are increasingly using apps to regularly record lifestyle, nutrition, and medical information. Migraine Buddy is the most widely used app by individuals worldwide to record their patterns of migraine, characteristics, and coping mechanisms. The application collects several migraine records across multiple users in several countries; each migraine record corresponds to a migraine attack.
This study aimed to assess the burden of migraines in terms of affected daily activities, medication usage, and impact of anxiety and depression in patients who suffer from at least four monthly migraine days (MMDs); evaluate the impact of migraine on work productivity; and describe the characteristics of migraine attacks (pain level, duration, symptoms, triggers) experienced by this population of interest.
METHODOLOGY

Study Design and Data Source
A retrospective, cross-sectional analysis was conducted using data captured through the smartphone app Migraine Buddy from adults with self-diagnosed migraine in several European countries (UK, France, Spain, Netherlands, Italy, Belgium, Norway, Sweden, Switzerland, Germany, Finland, Poland, Denmark, Portugal, Czech Republic, Hungary, and Slovakia). As noted, Migraine Buddy is a free smartphone app used to collect self-reported migraine data. It is available in four languages (English, French, Japanese, and Spanish). Users are able to regularly log their migraine details into the app, including triggers, symptoms, onset location, migraine frequency and duration, pain intensity and location, use of medication, and impact of migraine on their activities.
Patient Population
The study used anonymized self-reported data from 3900 randomly selected adult Migraine Buddy users, recorded during the 13-month period from June 1, 2015 through July 3, 2016. The most recent 28-day period reported by each user within the study period was used for analysis. An example of the selection of users and study observation data is presented in Fig. 1 .
Data from individuals who were at least 18 years of age, had agreed to participate in the study, and had more than 70% completeness rates in their migraine records were included in the study sample. Each migraine record describes a single migraine attack. Data from individuals who had used the Migraine Buddy app for less than two consecutive weeks from the time of initial registration, who recorded less than four migraines within a 28-day period, or who skipped the ''impact on activity'' question for all of the records in scope were excluded. A full list of exclusion criteria and population attrition is presented in Fig. 2 , along with the final study sample by country. Users were stratified by migraine frequency as chronic migraine (CM) (C 15 headache days/month), episodic migraine (EM) with 4-7 migraine days/month (4-7 EM), and 8-14 migraine days/month (8-14 EM; sometimes referred to as high frequency episodic migraine). Users were randomly selected into the migraine subgroups to fulfill the prespecified convenience sample sizes of 1500 for each of the EM subgroups and 900 for the CM subgroup. Although we present some data on the subgroups, the main focus of this paper is migraine burden among the overall sample of patients who suffer from at least four MMDs. The study was descriptive in nature and thus no formal hypothesis testing was used for sample size calculation. Users were randomly selected from the eligible pool using SciPy, a scientific computing stack for Python.
Study Variables
The variables examined in the study included the following: demographic characteristics (age, gender); migraine characteristics (triggers, auras, symptoms, pain location and intensity, start time and duration of migraine); migraine burden (location of onset, impact on activities such as social, home, work, medication use, or other relief methods); impact of migraine on work productivity [employment status, workdays missed (absenteeism)]; anxiety and depression; and the number of medications used to treat migraine.
Statistical Analyses
Demographic variables (age, gender), migraine days per patient, workdays missed, triggers, symptoms, medication usage, and other information were summarized descriptively. As noted, some results are presented by migraine frequency subgroup (i.e., 4-7 EM, 8-14 EM, and CM) and overall, however, the primary focus of the analyses is the overall sample of patients who suffer from at least four MMDs.
Study Conduct
The study was conducted in accordance with the Guidelines for Good Pharmacoepidemiology Practices of the International Society for Pharmacoepidemiology [29] , the Strengthening the Reporting of Observational Studies in Epidemiology guidelines [30] , and with the ethical principles laid out in the Declaration of Helsinki.
This was a non-interventional, retrospective analysis of data collected via individual self-reports through a mobile phone app. Participants provided their authorization for their data to be used for research purposes, and deidentified data were used and analyzed for this study. Patients explicitly confirm that they agree to have their deidentified data used for research purposes; they have the option to refuse and to use the app without any restriction. As such, study subjects were not placed at risk as a result of inclusion in the study sample, and ethics board approval was not warranted.
RESULTS
Sample Description
The study sample included 28,152 migraine records (i.e., migraine attacks) from 3900 users who were stratified by migraine frequency into the following subgroups: 4-7 EM (n = 1500), 8-14 EM (n = 1500), and CM (n = 900). Overall, 88% of users were female, with a reported mean age of 35.4 years (age range 18-74 years with a mean of 10 migraine days per month; a summary of demographics and migraine characteristics of the sample is shown in Table 1 ). Users were considered to be employed if they reported work as the location of migraine onset or in ''affected activities'' at least once. In total, 3106 users (80.0%) were considered to be employed. Among the overall working population, there was an average of 2.3 workdays missed per month reported during the 28-day observation period, corresponding to 20% of the overall migraine days experienced. 
Migraine Burden and Characteristics
Migraine attacks affected an average of 8.3 days/month (27.6% or 100.7 days/year) among all 3900 individuals with migraine. The majority of migraines (67.8% of migraine records) lasted between more than 4 h up to more than 3 days, with more than half of those being between 8 and 24 h (Fig. 3) . The most common locations of migraine onset were home and work (62.3% and 15.8% of migraine records, respectively). In most cases, users sensed the onset of migraine by feeling weakness and fatigue (76.8% of users, 40.3% of migraine records) or numbness and tingling in the head, eye, or ear (58.2% of users, 28.2% of migraine records); in total, 46.0% of the study population reported some type of aura before a migraine attack.
Commonly reported migraine triggers included sleep alterations (69.5% of the overall population), psychological factors (65.9%), nutrition (55.6%), menstruation (52.8%), and environmental (weather-related) factors (48.8%). About 81.0% of female participants (2059 of 2545 who reported their gender as female) reported menstruation as a trigger of migraine.
The most commonly self-reported migraine symptoms were related to pain/body (91.7% of users), mood and cognition (87.3%, which included nausea, anxiety, confusion, blurred vision, moodiness, or giddiness), and environment [such as ringing in ears (tinnitus), sensitivity to light, noise, or smell; 85.5%] (each user Fig. 2 Waterfall of the Migraine Buddy users by exclusion criteria and study population breakdown by country. EU European Union, MB Migraine Buddy. Others include the following countries: the Netherlands, Italy, Belgium, Norway, Sweden, Switzerland, Germany, Finland, Poland, Denmark, Portugal, Czech Republic, Hungary, and Slovakia could specify more than one symptom per record and therefore numbers do not add up to 100%). Overall, 63.5% of all migraine records reported a pain intensity greater than or equal to level 5 (on a pain scale of 1-10), corresponding to an inability of persons to perform some or even any activities and indicating a high impact of migraine (Fig. 4) . About two out of five individuals with migraine (39.4%, n = 1537) reported anxiety and/or depression (as a symptom or trigger) during their migraine attack at least once, indicating the high burden of migraine on overall well-being. Anxiety and depression were reported across all migraine frequency subgroups.
Impact of Migraine on Daily Activities
More than 95% of users (n = 3732/3900; 1430/1500 users with 4-7 EM, 1447/1500 users with 8-14 EM, and 855/900 users with CM) selfreported that their migraine negatively affected at least one of their daily activities (e.g., home, work or social activities, or sleep) during at least one migraine attack over the observed study period (Table 2) .
Migraine can affect all aspects of life for individuals, and results are consistent regardless of whether the user is classified as CM, 4-7 EM, or 8-14 EM. Across migraine records, all aspects of activities were reported to be affected by migraine such as home activities (32.2% of records), productivity (26.7%), social activities (18.7%), and sleep (17.6%). There was no difference among migraine frequency subgroups in the impact on daily activities and coping mechanisms (such as medication use).
Employed users in the study (n = 3106) experienced an average of 10.1 migraine days in the observation period, with about one in four 
Coping with Migraine
Almost half of all migraine records (47.5%) reported use of one medication per migraine attack, 28.5% reported use of two or more medications, and 15.9% reported no medication use. Overall, 76.1% of migraine records reported use of at least one drug per migraine record. Triptans (31.9%) were the most commonly self-reported acute medication used overall, followed by nonsteroidal anti-inflammatory drugs (NSAIDs) (28.7%), acetaminophen (18.9%), and opioids (8.4%) across migraine records (n = 28,152) ( Table 3 ). The medication(s) used during migraine were considered unhelpful in overcoming a migraine attack in 22.0% of records (n = 7385) and helpful in 45.9% of records (n = 15,410). In addition to medication, participants most commonly used rest (84.5% of users, n = 3295) and nutrition (53.0% of users, n = 2068) as relief methods in at least one migraine attack. Other methods of relief used were ice packs or other non-medication activity that was not captured in the above categories.
DISCUSSION
Migraine can have a considerable impact on the lives of affected individuals as seen in this sizeable international study, based on self-reported data from individuals suffering from at least four MMDs using a digital phone app. This study highlights the burden associated with migraine attacks on migraine suffers' daily activities, productivity, and well-being. Overall, migraine affected about a third of calendar days (27.6%) of the migraine sufferers' lives in this study.
Our study confirms that a migraine attack may last from at least a few hours to days and is often associated with a moderate to severe pain level and other symptoms that affect one or more activities among users, including home responsibilities, social participation, and work. In total, two-thirds of all migraine records reported a pain intensity level of at least 5 (on a scale of 1-10), which can result in being unable to do some activities up to being unable to do any activity because of pain. The burden of migraine is thus substantial and is seen across migraine frequency subgroups.
As a result of the symptom burden, pain level, and duration of migraines, the impact on HRQoL and functioning is considerable [31] . In this study, more than 95% of the study sample reported that migraine attacks negatively affected their daily activities. Among employed respondents, migraine affected employed respondents' ability to work, with an average of Table 2 Impact of migraine on users' daily activities as reported in at least one migraine record, by migraine frequency and overall Type of activity affected, n (%) CM (N = 900) 8-14 EM (N = 1500) 4-7 EM (N = 1500) Total (N = 3900) CM chronic migraine, EM episodic migraine a Other includes affected activities that do not fit in the displayed categories 2.3 days of work missed as a result of migraine over the 28-day observation period. This represents an estimated 30.2 workdays missed a year, highlighting the high burden of migraine on work productivity. This is higher than missed workdays reported in the Eurolight project survey, where lost workdays for migraine sufferers averaged about 1 day per month. Differences may be likely due to study samples, as the sample in the Eurolight project included patients with zero to three MMDs [21] , whereas our study only included those suffering at least four MMDs. One of the inclusion criteria also required participants to have used the app in at least two consecutive weeks from the time of initial registration before being considered in the study sample, which may have increased the underlying severity of the sample included in our study.
Our findings confirm the substantial burden of migraine found in other global studies such as the Eurolight project and IBMS, despite differences in data collection methodologies and study populations [16, 24, 28] . This is an innovative study utilizing the self-report data from the biggest digital app specific for migraine that allows users to voluntarily record and monitor their migraines as they are occurring and understand their own symptoms, triggers, and migraine characteristics; this has the potential for patients and their caregivers or physicians to better manage their disease but also for the wider scientific community to understand the migraine burden, especially in people of their prime working and reproductive years. The digital app allows for analysis of multiple data from across different countries simultaneously. The data is recorded during the attack or within the hours following the attack, which may ' 'Others' ' include drugs that do not fit in the displayed categories. ' 'No drugs' ' means that the patient explicitly said they did not consume any drug. Data represent the most recent 28-day period reported by migraine patients during the study period (June 2015-July 2015). Users could indicate one or more medications during their migraine and thus numbers may not add up to 100% CCB calcium channel blocker, CM chronic migraine, EM episodic migraine, NSAID nonsteroidal anti-inflammatory drug reduce any memory bias which can occur in studies based on questionnaires.
Limitations
There are some known limitations inherent to these types of studies that use self-reported data from a digital app. As these data are obtained through a mobile phone app, there is potential bias as the study includes data as reported by users, and no physician diagnosis is used to confirm whether the responder indeed suffers from migraine and the frequency of attacks. We also included data only from users with at least four MMDs, a population that may have higher disease burden and lost productivity (i.e., more missed workdays) than the overall migraine population. Another bias may arise owing to the requirement to have access to a mobile smartphone and use digital apps and, therefore, the population may not be entirely representative of the migraine population in Europe. In addition, a 70% record completion (fill) rate was used as a data quality check (inclusion criterion) in order to ensure completeness and consistency of data. However, it may be possible that more severe migraines are associated with lower fill rates and thus these users and their migraine records may have been missed from the study sample. The study design, however, allowed the inclusion of a spectrum of migraine frequency and pain levels or durations of migraine attacks. The design of the study was not focused on gathering feedback on prophylactic medication efficacy and tolerability issues. Since currently available prophylactic medications have been reported to be associated with efficacy and tolerability issues [32] [33] [34] , this needs to be explored in future research. Effective migraine management may require effective prophylactic treatment for some patients, where physicians and patients consider the scope of migraine-induced disability in addition to migraine symptoms.
Finally, as a result of the short time window of observation period and the lack of historical (longitudinal data) and baseline characteristics (body mass index, comorbidities, social demographics) of application users, there are limitations when interpreting the results and generalizability to other studies of migraine burden and to the general migraine population in Europe.
CONCLUSIONS
This study provides insights into the real-world burden of migraine on those suffering from at least four MMDs through the collection of patient-recorded, real-time information during and within the hours following the migraine attack. The results highlight the sizeable burden of migraine on the lives of affected individuals in terms of symptoms and impact on daily activities, including work and overall well-being. The large dataset analyzed retrospectively from 3900 users of a popular migraine application has provided results that are comparable and consistent with previous studies published on the burden of migraine in Europe and the rest of the world [16, 29] . Compliance with Ethics Guidelines. The study is a retrospective analysis of existing deidentified data from Migraine Buddy users. The study was conducted in accordance with the Guidelines for Good Pharmacoepidemiology Practices of the International Society for Pharmacoepidemiology, the Strengthening the Reporting of Observational Studies in Epidemiology guidelines, and with the ethical principles laid out in the Declaration of Helsinki.
Data Availability. Data sharing is not applicable to this article as the datasets generated and analyzed during the current study are not publicly available for respect of the terms of use of Migraine Buddy, which do not allow the sharing of individual data with a third party.
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